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ABSTRACT

A study of Venus ascent trajectories for a Venus Surface

Sample Return probe was performed. Due to the high density of

the planetary atmosphere (Figures i and 2) a five stage launch

vehicle is required. The trajectory profile is shown on Figures

3 and 4. During the first stage flight the vehicle reaches only

a velocity of about 1,500 ft/sec out of a theoretical AV of 9,400

ft/sec. Total drag losses are 4,430 ft/sec. The calculations

were limited to the low density atmospheric model.

It is concluded that due to the very high drag losses

experienced, alternative propulsion means that make use of the
planet's atmosphere should be investigated.
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Introduction

This study applies to the 1975 Venus Lightside Flyby

Mission described in Reference i. The spacecraft passes the planet
at an altitude of 270 nautical miles at a velocity of 35,920 ft/sec.

The Venus Surface Sample Return (VSSR) probe mission mode is

identical in concept to the one of the MSSR probe described in

Reference 2. Due to the denser atmosphere of Venus and the higher

gravity, the delta V requirements for an ascent from the Venerean

surface are much larger than they are for a Martian probe.

The results are presented in terms of AV required to go

to a I00 nautical mile altitude circular orbit since the additional

losses in going from circular orbit to the hyperbolic flyby

trajectory are relatively small.

Vehicle Details

It was found that a five stage vehicle is required to

rendezvous with the spacecraft. The first three and part of the

fourth are required to go to a I00 nautical mile circular orbit.

The weights of the first four stages were assumed as follows:

STAGE
STRUCTURE & ENGINE

WEIGHT (LBS)

8,500

2,000

49O

170

PROPELLANT WEIGHT

(LBS)

77,000

18,000

4,370

946 (505 Ibs.

unburned)

For the purpose of computing drag a Saturn IB llke configuration
was assumed having a frontal area of 88 ft 2 at the first stage and

2
32 ft at the second stage.
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The thrust to initial weight ratios and the specific

impulses of the single stages were assumed as follows:

STAGE i

T/W 1.35

ISP 250

STAGE 2

1.49

300

STAGE 3

1.77

305

STAGE 4

I 1.53

305

The Venerean Atmosphere

Three atmospheric models are provided in Reference 3, a

low, medium, and high density model. For reference purposes these

atmospheres are shown on Figures i and 2. The sea level density

is between 3 and 16 times higher on Venus than it is on Earth and

the sea level pressure is between 5 and 40 times higher on Venus.

The probe ascent trajectories were limited to the low

density atmospheric model.

Trajectory Details

The trajectory profile is as follows: Initial vertical

rise for i0 seconds at which time the vehicle is slightly tilted.

Gravity turn for the remainder of the first and during the complete

burn of the second stage followed by a linear tangent guidance law

for the remaining two stages. The vehicle is then parked on a
i00 nautical mile circular orbit. The runs were optimized for

initial tilt angle and first stage thrust.

Results and Conclusions

The trajectory profile is shown on Figure 3, a plot of
velocity and dynamic pressure vs. time, and Figure 4, a plot of

flight path angle and altitude vs. time. At first stage cut-off
the conditions were as follows:

Actual Velocity : 1,500 Ft./Sec.

Drag Loss : 3,800 Ft./Sec.

Gravity Loss : 4_084 Ft./Sec.

Total First Stage AV: 9,384 Ft./Sec.
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First stage cutoff occurs at 143 seconds. The vehicle

has reached at that time an altitude of 98,000 ft. and the flight

path angle is 73 ° , i.e., first stage flight is almost vertical.

Upon reaching earth orbital conditions, the losses are as follows:

Orbital Velocity : 23,781 Ft./Sec.

Drag Loss 4,430 Ft./Sec.

Gravity Loss 77_321 Ft./Sec.

Total AV 35,532 Ft./Sec.

To rendezvous with the hyperbolic flyby spacecraft approximately

14,000 ft/sec more are required. Drag losses were computed by
integrating the quantity Drag/Mass over the time. The maximum

dynamic pressure is 1,495 lbs/ft 2. It occurs at 53,000 feet
altitude.

These results apply only to the low density atmospheric

model. Launch from the densest model atmosphere, which is five
times denser, appears almost impossible.

It may be concluded that a rocket take-off from Venus

is prohibitively expensive and that other propulsion means that

make use of that planet's dense atmosphere should be investigated.

1013-JJS-pdm _ . Schoch

Attachment

References 1-3

Figures 1-4
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